A total of 1458 lizards in 12 families representing 16 species was examined and mites infesting them removed and identified. Amongst these potential hosts no mites were found on 264 lizards representing a further 65 species. The lizards were border incursions in New Zealand, arriving predominately on ships and found later at wharves. The Asian house gecko Hemidactylus frenatus was the predominant species (n=886) and 414 lizards in four families yielded mites, with Gekkonidae (410) the principal hosts. Among the four genera and 16 species of mites found, Geckobia bataviensis (Pterygosomatidae) predominated, with only one macronyssid (Ophionyssus scincorum) found. The findings increase the known range of G. bataviensis and G. keegani substantially, and there are new host records for 14 species of mites. The most common mite, G. bataviensis, occurred in conjunction with 8 other species, but overwhelmingly with G. keegani. The hind digits were the most favoured attachment sites for both G. bataviensis and G. keegani, exceeding those on the fore digits by 2.5 to 3.4 times respectively. Female mites exceeded males by ratios of 1:73.8 for G. bataviensis and 1: 21.6 for G. keegani. Biosecurity implications for New Zealand's endemic lizard and acarine fauna are discussed, especially the possibility of transfer of exotic mites (host-switching) to native lizards which could potentially endanger the health of endemic hosts and possibly displace their own mite fauna.
Introduction
International trade to New Zealand has brought exotic plants and animals that have left an historical legacy Chapple et al. 2013 ), which will continue to accumulate . Among the intercepted animals are reptiles and amphibians of which Gill et al. (2001) analysed 189 records of accidental importations for the period 1929 to 2000. Australia was the main source (26% of records) followed by South-East Asia (24%) and the south-west Pacific (22%) with about 75% of the animals arriving in cargo shipped to wharves. The most frequent interceptions were three gecko species, Hemidactylus frenatus Duméril and Bibron, 1836, Lepidodactylus lugubris (Duméril and Bibron, 1836) and Gehyra oceanica (Lesson, 1830) . On 17% of the gecko interceptions, mostly from South-East Asia, mites were found, but not identified. There is only one verified record in New Zealand of an exotic mite on an introduced reptile, a finding of Ophionyssus natricis (Gervais, 1844) on Tiliqua scincoides (White, 1790) in a zoo (Heath 1986 ). In addition, a Pterygosoma sp. (probably P. neumanni; see current study) was taken from an agamid, Calotes versicolor (Daudin, 1802) at the border (Orr 1995) .
Article
Invasive reptiles are of considerable concern elsewhere (Kraus 2009; Hoskin 2011) , primarily because some species such as the Asian house gecko H. frenatus, a common component of the Gill et al. (2001) study, occur at high densities and are aggressive to other gecko species, so posing a significant threat to native faunas. Further, parasites that they carry could have an impact on both the hosts and parasites of native geckos (e.g., see Hoskin 2011) . Despite the relatively high frequency of lizard interceptions at the New Zealand border only one species, a skink, Lampropholis delicata (De Vis, 1888) , first detected in the mid-1960s, has so far become invasive (Chapple et al. 2013) .
Lizards, and principally the geckos and skinks featuring in the current study have an extensive mite fauna, but it is as a vehicle for the introduction of exotic ticks that reptiles usually cause concern, especially in the USA and UK. As live animal imports for herpetologists a total of nine lizard families has contributed to tick introductions into the USA (Burridge 2011) , and one in the UK (Pietzsch et al. 2006) , with associated microorganisms (Kenny et al. 2004) but no geckos featured in these studies. This is unsurprising as geckos are not commonly reported tick hosts, with just one published record of Ixodidae and Argasidae (stage and species undetermined) on H. frenatus in Africa (Obi et al. 2013) .
Depending upon their host associations, parasites can be regarded as either a nuisance or deserving of preservation. Those on domestic livestock for example, limit production by their feeding, or transmit diseases that exacerbate parasitic damage, stringent efforts being made to eradicate them or limit their effects. As invasive organisms, parasites pose threats to wildlife conservation as well as to productivity of domestic livestock (Tompkins and Poulin 2006) . Paradoxically, as co-evolved associates of hosts that are rare or with a restricted distribution, some parasites are also seen as worthy of conservation, although few have so far acquired this status (Whiteman and Parker 2005) .
The New Zealand lizard fauna has a high level of endemism and some species are hosts to a small, correspondingly endemic acarine fauna. Gill and Whitaker (1996) reported that there were 16 species of geckos and 28 of skinks in New Zealand, but concluded that the exact number was yet to be decided. This was later endorsed by Hitchmough et al. (2010) wherein 39 geckos and 50 skinks were listed for the New Zealand fauna, although not all had been formally identified or accepted as taxonomically distinct. In contrast there are just 2 species of Geckobia spp. mites (Pterygosomatidae) parasitic on this fauna, in addition to 4 species of Trombiculidae and at least 2 species of Macronyssidae (McKenna 2003) .
In this study mites from alien lizards were removed and identified over a 13 year period, and the results presented here together with a discussion of potential risks to New Zealand's biodiversity.
Methods and materials

Handling of lizards and mites
The lizards in this study were collected by New Zealand MPI (Ministry for Primary Industries, formerly Ministry of Agriculture and Fisheries) quarantine authorities between August 2000 and August 2013. Each lizard was identified by Whitaker and then sent to Heath for removal of mites.
Lizards were examined under a stereo microscope and, using a mounted needle, mites removed, placed into 80% ethanol and later mounted on microscope slides in Hoyer's medium. The number of mites and attachment sites were recorded for each individual host at the time of removal, but could not be identified until mounted. Mites were pooled when more than one lizard (always of the same species) was present in a sample jar, so that species eventually identified could not be individually assigned to a particular animal. Thus, multiple mite and host records are referred to here as either batches or cases.
Identifications were done using published descriptions, i.e., Hirst (1926) , Lawrence (1936 Lawrence ( , 1953 , Abdussalam (1941) , Womersley (1941) , Dumbleton (1947) , Jack (1961 Jack ( , 1962 Jack ( , 1964 , Ineich (1986, 1989) , Bertrand et al. (1999) [2000] , Domrow (1983 Domrow ( , 1987 Domrow ( , 1991 , Domrow et al. (1980) , Tenorio (1985) , Bochov and Mironov (2000) , Haitlinger (1988 Haitlinger ( , 2005 Haitlinger ( )[2006 , Frankel and Vargas (2005) , Walter et al. (2009) and Paredes-León (2012) , every attempt being made to locate relevant literature using data bases and internet searches. Each identifiable life stage of mites (except eggs) was counted and categorised as: male, female, larva and nymphs. With the latter no attempt was made to distinguish between proto-, deuto-or tritonymphs or calyptostatic forms (Walter et al. 2009 ). The immature stages of some species could not be identified with certainty in mixed-species infestations. Where uncertainty existed only monospecific infestations were chosen for retrospective calculation of proportions of different stages of mites or species' selection of attachment sites.
Statistical methods
Means, proportions, sample standard errors and Chi 2 tests were calculated by hand using the statistical function on a Casio fx-82TL calculator. The 95% confidence limits (CL) were obtained using the formula given in Fowler and Cohen (1996, p51) wherein each sample standard error is multiplied by 1.96, and the result presented as the sample mean ± CL. Chi 2 was calculated using the standard formula (Fowler and Cohen 1969, p72) with Yates' correction applied.
Taxonomic conventions
Higher taxa, binomials and authorities for lizards were checked against a reptile data base (Uetz et al. 2015) and for mites with Walter et al. (2009) .
For Pterygosomatidae of the genus Geckobia Mégnin we have adopted the convention of Domrow (1983) , regarding G. cosymboti Cuy, 1973 , G. nepalii Hiregauder, Joshee and Soman, 1959 , and G. gleadoviana Hirst, 1926 , as junior synonyms of G. bataviensis Vitzthum, 1926 . We thus reject the view of Haitlinger (1988) that these may in fact be subspecies of G. bataviensis.
In addition we have followed Paredes-León et al. (2012) who transferred Hirstiella insignis back to Pimeliaphilus having found differences in chaetotaxy as originally described by Jack (1964) .
Country of origin
The country of origin of lizards was as given on the cargo manifest although we are aware that some animals could have been present from other voyages, although to what extent this occurred is unknown. Where the country of origin is unknown or uncertain this reflects the quality of information that accompanied the specimens and passed onto Whitaker.
Results
Entry point of lizards examined
The entry point of lizards (1458 individual animals) was predominately a wharf (1199; 82.2%) with an airport (231; 15.8%) next. The remaining entry points (28; 1.9%) were unknown or unrecorded.
Bodily condition of lizards
The majority (1144/1458, 78.5%) of lizards was alive when captured, the dead sometimes damaged during the capture process, or severely emaciated, some of these latter unexpectedly being found with a mite or two still attached.
Mite-free lizards
The following 65 species (total, 264 individuals) were examined (numbers in parentheses) but no mites were found.
Gekkonidae 
Mite-infested lizards
A total of 1458 lizards in 12 families was examined and mites were collected from 414 (28.4%) of these lizards in four families, being: Gekkonidae (n=410/1271 individuals; 32.3%), Scincidae (2/ 134), Agamidae (1/22) and Phyllodactylidae (1/4). In all, 16 species in 7 genera were infested (Tables 1 and 3) .
The widespread and common Asian (Pacific) house gecko, H. frenatus (886/1458; 60.8% of all lizards examined) represented 376/410 (91.7%) of the mite-infested gecko hosts, with an infestation rate of 376/886 = 42.4%. Table 1 lists the number of these hosts examined and infested. 
Frequency of each mite species
The majority of mites collected were Pterygosomatidae (Pterygosomidae of some authors) with just four individuals of one species of Macronyssidae collected. There were 252 batches of lizards infested with G. bataviensis, each batch representing a single interception (case) record irrespective of the number of lizards present. These and data for other mite species are given in Table 3 . Note that in a number of cases more than one mite species was present on a host (Table 4) . TABLE 4. Species combinations of mites. The species 1 column represents the predominant species, with columns containing species 2 and 3 indicating they were present simultaneously, but in smaller numbers.
Attachment sites
The majority (84.3%) of G. bataviensis, the most prevalent species, were found on the toes of hosts at the base of the claws (distal phalanges). Up to 6 mites (adults and immatures combined) could be found on one toe. The remainder were almost exclusively (see below for exceptions) along the ventrum or the sides, from the chin to the mid portion of the tail.
The majority (55.9%) of G. keegani were found on the toes. On one host only (G. oceanica) was a mite (G. carcinoides) found around the orbit, and on another (C. versicolor) a single mite (P. neumanni) in the opening of one ear. No mites were found in 'mite pockets' (Arnold 1986; Bauer et al. 1990 ) although some mites were found in folds at the base of the tail.
Species 1 Species 2 Species 3 Number of cases
Geckobia bataviensis G. keegani 87
G. philippinensis 3
G. gehyrae 1
G. glebosum 1
Hirstiella insignis 1
Geckobia kasurensis G. simplex 1
Mites on toes were located most frequently on the hind digits, rather than on the fore limbs. To illustrate this point, mite counts on the digits of 129 H. frenatus carrying a monospecific (G. bataviensis) infestation on the toes only were analysed ( Table 2 ). The ratio of mite numbers on the fore digits compared with those on the hind was 1: 2.5. In 70 instances of monospecific G. keegani with infestations on the toes only (Table 2) a comparison of mite counts on toes of fore (70 mites) and hind (241 mites) limbs gave a ratio of 1: 3.4. As a test of possible competition an analysis was made of mite distribution on the toes of 112 lizards, all H. frenatus (in 76 batches), carrying mixed G. bataviensis and G. keegani infestations. There were 1300 mites in all, 1110 on the toes, 160 elsewhere on the body and 30 detached mites loose in the specimen jars. Mites were identified a posteriori because distribution as to attachment site was not able to be assigned to either species with certainty before mounting and microscopic examination. It was found subsequently that there was a greater number of G. bataviensis on the toes compared with numbers of G. keegani ( Table 2 ). The mean count of both (presumed) species combined on fore limbs was 2.06 ± 7.1 (95% CL) and that on hind limbs 6.1 ± 11.63 (95% CL); the ratio of mean mite numbers, fore to hind being: 1: 3.0. Those mites elsewhere on the body accounted for 12.6% of the combined body and toes count.
In contrast to these two most numerous taxa, some other species of Geckobia appeared to prefer attachment other than on toes and limbs, being found beneath body scales, predominately on the ventrum, between the neck and base of tail, e.g. G. gehyrae, G. hindustanica, G. carcinoides, G. indica, G. hemidactyli, G. philippinensis and G. glebosum . Pterygosoma neumanni was also found under scales. Geckobia philippinensis was the most prevalent of these less commonly encountered species, with 12 infestations totalling 37 mites overall (range 1-7 per host) with only one mite on a toe, the others being found on various other parts of the body, including the ventrum, limbs and sides.
Proportions of adults and immatures
In a total of 887 G. bataviensis 664 were females, 214 immatures and 9 males, with a sex ratio of 1: 73.8. The ratio of immatures to females is 1: 3.1.
In a total of 556 G. keegani there were 431 females, 20 males and 105 immatures, with a sex ratio of 1: 21.6. The ratio of immatures to females is 1: 4.1.
For comparison, other species, chosen because they had a relatively high number of mites (i.e. comprising a total of ≥ 50 mites each over the whole study), had female, male and immature mite numbers respectively, in order: G. blanci 37, 13, 63; G. gehyrae 55, 2, 5; G. hemidactyli 23, 2, 33, and G. indica 74, 7, 29 . The remainder of species was represented by smaller total numbers of mites (i.e. <50.)
Mixed species infestations
There were 87 instances of concurrent G. bataviensis and G. keegani infestations. The remaining species combinations were substantially fewer in number as shown in Table 4 .
Country of origin
Where records of the source of mite-infested lizards, or more accurately, the source of the items on which they had entered New Zealand, was available, it was shown the majority came from SouthEast Asia (132 certain, 2 possible), 90 from the Pacific and 43 from Australia to which could be added PNG (15 certain, 2 possible). East Asia (Japan, China, India, Pakistan) 11 certain, 2 possible. A small number of records (2) originated in South America, with one other possible, Africa (2), Europe and USA (one each). Table 5 shows the individual countries recorded as the source of lizards. Australia
Discussion
The main premise behind the current study is that exotic lizards and their parasites could elude border security measures and become invasive with potentially disastrous consequences for endemic lizards and their parasites. Mites in both families found in this study feed on body fluids and their effects range from benign to severe pathological disorders such as anaemia and intense skin irritation (Walter et al. 2009; p 293) . They are also potential carriers of disease (Kraus 2009; Barry et al. 2011 )
Species composition
The mite genus Geckobia was predominant in this study as was the gecko H. frenatus. Bochkov and Mironov (2000) recognized 65 species of Geckobia and listed 'all known species of the genus, their hosts and geographical distribution'. Their list is, however, incomplete with respect to hosts for Geckobia keegani Lawrence, 1953 and G. philippinensis Lawrence, 1953 (Lawrence 1953 . Also, G. glebosum Bertrand, Paperna and Finkelman 1999 , (Bertrand et al. 1999 ) is not on their list. This latter omission is understandable however, given the description of this species was contemporaneous with Bochov and Mironov (2000) . Further, Bertrand et al. (1999 Bertrand et al. ( , (2000 ) incorrectly assigned H. frenatus as host to 3 of 4 new species of Geckobia described by Haitlinger (1988) . In this case hosts for G. andarharonomaitsoensis, G. infanadianaensis and G. mananjaryensis are all Phelsuma sp. or P. lineata (Haitlinger 1988 ). More recently, Bertrand et al. (2012) 
described another new species of Geckobia from Tarentola mauritanica.
In all eight species of Geckobia spp. are currently associated with H. frenatus, including three new host records in the present study, as well as those for 10 other species of Geckobia (Tables 1and  3) . Hemidactylus frenatus occurs at very high densities compared with other geckos (Hoskin 2011) , both when foraging and sheltering, so opportunities for mite transfer and population build up must be correspondingly high.
Host associations
With the exception of G. blanci, G. kasurensis and P. neumanni for which there were no new host records, all other mites were found on previously unrecorded hosts (Table 3) , supporting the contention (Jack 1962, p290 ) that '...there appears to be little rigorous host specificity'[among scale mites]. Previously, G. oceanica was recorded as parasitized only by G. gehyrae, G. blanci and G. carcinoides (Bertrand & Ineich 1986 , 1989 . The present study adds G. bataviensis and G. keegani. The presence of more than one species on a host is not unusual (e.g., see Hirst (1926) and it is generally accepted that in such an event each species occupies a different niche on the host and does not, in most cases, come into direct competition (Jack 1962) . The current findings overall most likely reflect the large sample of lizards available for study, although extensions of range as shipping distributes animal 'hitch-hikers' around the world cannot be discounted.
Predilection sites and interspecific competition
Counts of mites in this study can at best only indicate relative abundance, not being strictly comparable between hosts because these had been in different stages of health and condition when found. Some were alive, some freshly dead, some severely emaciated, some almost mummified, and others badly damaged during the capture process. These factors would affect the mite populations on each host and would not necessarily reflect undisturbed parasite burdens as seen on living, healthy individuals. On occasions too, mites were found in the specimen jars, having detached from the host, so no attachment site was known.
Despite these reservations, some observations on the predilection sites, behaviour and population structure of the mites were possible. The more numerous species G. bataviensis and G.
keegani, both showed a strong preference for the toes of hosts, compared with all other species. These latter occupied niches on other parts of the body but not the dorsal surface, with the exception of a heavy (>200 mites) infestation of G. blanci where 75 mites were found on the dorsal surface, the only such example of the use of this site. Distribution of mites on toes in mixed infestations of G. bataviensis and G. keegani was similar to when G. bataviensis occurred alone, although different than when G. keegani occurred alone. This suggests that displacement from habitual attachment sites is not affected in mixed infestations and that G. keegani may in fact tend to aggregate with G. bataviensis rather than disperse to other parts of the body as it tended to do in monospecific infestations.
Data presented here on attachment sites for G. philippinensis and G. keegani support the prediction of Lawrence (1953, p10 ) that '...it will probably be found that the two forms live on different parts of the body of the same host.' Similar behaviour was also recorded in the present study for other, less numerically common species.
Bertrand and Ineich (1989) specified attachment sites for G. gehyrae (peripheral digits and claws), G. blanci ((toes and claws) and G. carcinoides (base of neck and ventrum). This was not so apparent in the present study with G. gehyrae (41 mites on ventrum, 31 on toes) and G. blanci (100 divided between ventrum and dorsum, 90 on toes) almost as frequently on the ventrum as on the toes. The single infestation of 165 G. blanci in the present study would have reduced the number of attachment sites available on the digits. Only with G. carcinoides did the distribution recorded by Bertrand and Ineich (1989) match the findings in the current study , although a few mites were found on the flank and one on the orbit in the present study. The endemic New Zealand G. naultina favours the orbit of hosts as an attachment site (Barry et al. 2011) . Bertrand (2002, p234) noted that '...mites are rarely found on the ventral surface of the host and on the sites reached by itching activities of the host' although in the current study some mites were found on the ventral surface between the neck and tail base (e.g. G. blanci, G. carcinoides, G. gehyrae). Observations by Frenkel and Vargas (2005) on G. keegani noted that larvae and deutonymphs were abundant on the head, neck, axilla, dorsum, groin, base of tail, and the thighs of the hosts, with males only at the groin, base of tail and thighs and gravid females always on toes of fore and hind legs. Non-gravid females were found at various body locations. Observations in the current study broadly agree with these findings except that all stages could also be found on the toes. At times up to three species of mites occurred on a host (Table 3) , but the third species was less numerous and always in conjunction with the two most common species, and found other than on the toes, presumably giving the most numerous species competitive advantage as to selection of favourable attachment sites.
It is simply possible that the toes offer an easily penetrated surface for mites to obtain host body fluids compared with the thicker dermis on parts of the body, especially the dorsum, and without the need to burrow beneath a scale. Most other species that were not found on the toes tended to burrow under skin scales on the ventrum, presumably to reach capillaries in the skin beneath?
The disproportionate distribution of mites between fore and hind limbs could perhaps be explained by grooming habits of lizards, fore limbs being more accessible than hind. Further, with both G. bataviensis and G. keegani as prevailing species, the toes would have been mostly unavailable to other species as an attachment site.
Sex ratios
The sex ratios of mites, again best exemplified by examination of the two most numerous species, suggests either that males are polygamous or mostly remain in the host refuge, or the females are parthenogenetic. There are references to parthenogenesis in Pterygosomatidae (e.g., Girot 1969 , Bertrand 2002 , Rivera et al. 2003 but with no strong supporting evidence except for Girot (1969, p134 ) who states that '...parthénogenèse est possible pour les deux especès de Geckobia considérées ici ' [G. latastei, G. loricata] . Girot (1969) gives as evidence keeping an egg separate from others, putting the subsequent larva on a lizard, itself kept isolated from others, on which a female mite appeared that produced larvae.
In the present study G. keegani presented with three times as many males as did G. bataviensis, although it is difficult to know what to make of this difference except that G. keegani may not be parthenogenetic, or perhaps facultatively so? Although G. bataviensis is the most prevalent species in the present study, G. keegani appears to have a better reproductive rate if the ratio of immature mites to females is a guide. Samples of other species of mites, although appearing in smaller numbers than the more common species, also contained substantially fewer males than females.
Geographic range
The origins of mites and hosts need to be interpreted with caution because ships visit many ports during voyages, and containers are moved and exchanged around the world, and can sit alongside wharves possibly collecting adventitious fauna before being transhipped. With that caveat, it appears that G. bataviensis maintains the broad distribution pattern that the earlier literature indicated, except greater detail was obtained for locations within that range (Table 5 ). For both G. carcinoides and G. gehyrae China is a notable addition to their range (e.g. see Bertrand and Ineich 1989; Ineich 1999) , as are South-East Asia and Polynesia for G. hemidactyli. Overall, G. keegani and G. philippinensis appear to show the largest extension in their previously known ranges.
Before they were found in Australia Domrow (1983) suggested that both G. bataviensis and G. keegani might extend to there because the host, H. frenatus that he examined in New Guinea, also occurs in Australia. He later confirmed the presence of G. bataviensis (Domrow 1991) . The present study found G. keegani on one skink (L. delicata), a new host record, as well as 37 records of G. bataviensis on H. frenatus, with Australia as the designated origin of the cargo they arrived in.
The other countries from which G. bataviensis hosts originated ranged from east Asia, SouthEast Asia and the Indo-Pacific region, through the Pacific islands and also to South America (Table  5) as well as Australia, closely matching the distribution of H. frenatus as described by Hoskin (2011) and considerably more widespread than given by Case et al. (1994) less than 20 years previously.
Range extension of some species appears substantial compared with previously published records, although it is more likely that sample size in the current study has revealed the actual range that smaller studies may have missed. Nevertheless, the most numerous species of G. bataviensis, G. keegani and G. philippenensis (as well as their hosts) are very widespread and on that basis conceivably pose a risk to endemic lizard and mite faunas worldwide.
Biosecurity risks to New Zealand fauna
The threat to New Zealand's biosecurity from the invasive characteristics possessed by the pantropical genus of which H. frenatus is an important member, is not principal thrust of this study. It cannot be ignored however, because of the potential biosecurity threat posed by the mites that the invasive lizards are carrying. Ectoparasitic mites harm hosts by their feeding activities and some act as vectors for disease as a new blood parasite in a New Zealand gecko species illustrates (Barry et al. 2011) . There is too a growing realisation that parasites of endangered hosts are just as worthy of preservation (Whiteman and Parker 2005) . The two Geckobia spp. on New Zealand geckos (see below) are found nowhere else and are placed in a separate category from all others in the genus, based on leg chaetotaxy determined by Jack (1964) . If these species were supplanted by an exotic then New Zealand's biodiversity would be the poorer.
New Zealand is not the only country that has concerns about exotic reptiles and the biosecurity risks they pose (e.g., see Kraus 2009; Henderson and Bomford 2011) with case studies demonstrating the deleterious effects of H. frenatus on native gecko faunas (Hanley et al. 1998; Cole et al. 2005) . The importation of ticks on reptiles is also a serious concern for many countries (e.g., Pietzsch et al. 2006; Burridge 2011 ) but none were found on any of the lizards examined in the present study.
There were 188 incidents involving approximately 204 individuals of H. frenatus (termed an 'extreme risk' exotic) recorded in Australia between 2003 and 2010 (Henderson and Bomford 2011 . The risk ranking is indicative of that species already being established widely over the northern half of Australia (Hoskin 2011) . The 32 countries listed by Henderson and Bomford (2011) from which these geckos originated, included New Zealand. Because H. frenatus does not occur in New Zealand this means that the item carrying the gecko had visited and departed New Zealand, not that the lizard originated there. Twenty of the remaining countries were the source of mites recorded from H. frenatus in the present study. The average number of animals per annum found at the Australian border was 25.5 (204 animals/8 years), whereas the New Zealand interceptions were nearly three times greater at an average of 68.2 (886/13) annually.
Hemidactylus frenatus is important because of the high frequency with which it is intercepted and also because of its wide range and aggressive behaviour. Furthermore, Rodder et al. (2008) predicted there would eventually be more regions worldwide suitable for H. frenatus based on warming following increased levels of atmospheric CO2. Their large scale maps showed that, under present conditions, northern New Zealand has a low suitability for H. frenatus with, under global warming, the whole of the North Island fitting that category. This indicates that New Zealand cannot be complacent about the risk posed by this highly invasive species. Hanley et al. (1998) examined interactions between H. frenatus and a Hawaiian gecko species, Lepidodactylus lugubris (Duméril & Bibron, 1836) that it had displaced and driven into decline. The parasite fauna of both species was monitored and although prevalence and intensity of parasites (including the mite G. keegani) differed on both species, these were not significant differences. On the basis of that study it could be inferred that there is little risk of parasitism becoming worse in a native fauna despite competitive pressure from an invader. It is apparent however that H. frenatus had previously passed on a mite with which it was infested to the Hawaiian gecko species, thus reinforcing concerns expressed here for the New Zealand fauna. No mites were found on 66 L. lugubris examined in the present study.
New Zealand mite fauna
A mite fauna of eight species comprising Trombiculidae (3 species), Leeuwenhoekiidae (1), Pterygosomatidae (2) and Macronyssidae (2) is currently known for New Zealand lizards (Womersley 1941; Dumbleton 1947; Domrow et al. 1980; Goff et al. 1987) . Distributional data are sparse, and known host associations (see McKenna (2003) for summary) are likely to be incomplete. In addition there are records of unidentified macronyssids from 2 gecko and 3 skink hosts (McKenna 2003) for which the relevant material is not available (Whitaker 1968) . The mites were provisionally identified as Ornithonyssus sp. in the Laelapidae (Whitaker 1968 ) but later presented as Ophionyssus sp. (McKenna 2003) in the Macronyssidae which contains O. galeotes, described from H. duvauceli (Domrow et al. 1980) .
The only Pterygosomatidae in New Zealand, G. naultina Womersley, 1941 and G. hoplodactyli Womersley, 1941 are found respectively on Naultinus elegans Gray, 1842, and Hoplodactylus duvaucelii (Duméril & Bibron, 1836) , Woodworthia (formerly Hoplodactylus) maculatus (Gray, 1845) , and Dactylocnemis (formerly Hoplodactylus) pacificus (Gray, 1842).
The risks that exotic mites pose to New Zealand's endemic fauna can only be surmised as there is no experimental evidence for potential harm, an outcome that could only be understood, at least in part, by housing for example, mite-infested H. frenatus with mite-free New Zealand geckos. There are administrative, legal and technical hurdles implicit in realizing this idea such that the experiment is unlikely to be tried, at least in the short term.
A study at one southern New Zealand locality (Reardon & Norbury 2004) showed no obvious host specificity between Odontacarus (formerly Acomatacarus) lygosomae (Dumbleton, 1947) (Leeuwenhoekiidae) and Ophionyssus scincorum Domrow, Heath and Kennedy, 1980 )(Macronyssidae) and four species of Oligosoma spp. geckos (Reardon & Norbury 2004) . This suggests New Zealand lizards would not be refractory to any exotic mites they encountered. Despite this inference, Bertrand et al. (2008) did not report host switching in either New Caledonian or Mauritian lizards and their ectoparasites, although they did suggest it was possible. With immature stages of mites representing between 18-24% of total G. keegani and G. bataviensis respectively on hosts in the present study, they possess considerable potential for dispersal to other hosts.
Risk assessment
Some assessment of risk for New Zealand lizards becoming infested with exotic mites can be determined by examining their behaviour. Those species on which Whitaker (1968) found many (unidentified) mites tended to shelter together with from one to three other lizard species. A small number of specimens of one species of lizard (Oligosoma moco (Duméril & Bibron, 1839)) not found with others, did not have any mites, although another skink, O. suteri (Boulenger, 1906) which ignored both its own as well as other species of lizards, was found infested with mites. Its range did, however, overlap that of others. It is possible then that highly social, xenophilic lizards such as H. duvaucelii and D. pacificus would be more at risk of acquiring mites from invasive hosts than lizards with more solitary tendencies. The distribution of both species includes warm-temperate northern regions of New Zealand which would be more conducive to establishment of H. frenatus than cooler, more southern parts of the country, adding further to concerns that H. frenatus poses.
Conclusions
The widespread occurrence of some lizards, especially H. frenatus, with its vigorous competitive behaviour, relatively large mite fauna, and historical evidence of its ability to transfer mites to native hosts, makes it a significant biosecurity risk anywhere it does not naturally occur. New Zealand especially must view its frequent appearance at the border with considerable disquiet, especially as the country offers a suitable environment to any successful invading population and is home to both endemic lizards and mites that should remain as free as possible from perturbation, but which have characteristics that could put them at risk of acquiring unwanted parasites. In addition, although there is evidence that blood parasites occur within the New Zealand reptile fauna, there is every reason to exclude exotic reptiles that could bring additional diseases and their mite vectors to threaten the biodiversity of this country. been my heartfelt wish for him to have seen it finally reach print. Although Tony was the principal collaborator in this study, I am aware that his wife, Vivienne also played a major role at times, both in processing specimens and keeping control of the day to day maintenance of the household and farm. My grateful thanks and heartfelt condolences to her. The mite collection and identification work was funded in part by the New Zealand Ministry for Research Science and Technology (now Ministry of Business, Innovation and Employment) through the Better Border Biosecurity (B3) programme. Tony's work was funded by MPI and I acknowledge the use granted to me of the reptile data base by Dylan van Winkle of Bioresearches Group, Auckland, New Zealand, as well as the useful comments of two referees.
